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Semifinished Product Made of a Composite Material and Method for 
Producing a Semifinished Product from a Composite Material 

The invention relates to a semifinished product of composite 
material according to the preamble of the claim 1. Moreover, the 
invention relates to a method for the production of a 
semifinished product of composite material according to the 
preamble of the claim 6 . 



Modern gas turbines, especially aircraft engines, must satisfy 
the highest demands with respect to reliability, weight, power, 
economy, and operating service life. In the last decades, 
aircraft engines were developed especially in the civil sector, 
which fully satisfy the above demands and have achieved a high 
degree of technical perfection. In the development of aircraft 
engines, among other things, the material selection as well as 
the search for new suitable materials play a decisive role. 

The most important materials used these days for aircraft engines 
or other gas turbines are titanium alloys, nickel alloys (also 
called super alloys) and high strength steels. The high strength 
steels are used especially for shaft parts and transmission parts 
and for compressor housings as well as turbine housings. 
Titanium alloys are typical materials for compressor parts, 
nickel alloys are suitable for the hot parts of the aircraft 
engine . 

4963/WFF:sk -1- USPS EKPKESS M\l 

EV 838 852 065 US 

JO LV 1 2 2003 



A very promising group of a new material for future generations 
of aircraft engines are so-called fiber reinforced composite 
materials. Modern composite materials include a carrier 
material, which can be embodied as a polymer matrix, a metal 
matrix, or a ceramic matrix, as well as fibers embedded in the 
carrier material. The present invention relates to a composite 
material in which the carrier material is embodied as a metal 
matrix. Such a material is also designated as a metal matrix 
composite, which is called MMC for short. 

In connection with high strength MMC materials, in which titanium 
is utilized as a carrier material, the weight of components can 
be reduced by up to 50% relative to conventional titanium alloys. 
Fibers with high strength and a high modulus of elasticity are 
used as reinforcements. 



It is already possible to produce weight-reduced components with 
good strength characteristics with the MMC materials known from 
the prior art. The MMC materials known from the prior art, 
however, have the disadvantage, that they do not have a 
sufficient strength especially with respect to transverse loads 
or more generally under torsional loads, in order to take-up or 
brace, with sufficient security, the high loads arising in gas 
turbines. Previously, no MMC materials, especially no MMC 
materials based on titanium or a titanium alloy, have been known 
from the prior art, which have a sufficient strength with respect 
to transverse loads or torsional loads. 
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Beginning from this starting point, the problem underlying the 
present invention is to provide a novel semifinished product of 
composite material and a method for the production of the 
semifinished product. 

This problem is solved by a semifinished product according to 
patent claim 1. According to the invention, ceramic particles 
are encased or embedded in the metallic matrix material for 
increasing the strength of the semifinished product with respect 
to torsional loading or transverse loading. 

With the present invention it is proposed for the first time, to 
encase or embed ceramic particles, which preferably comprise a 
size in the micron range to the nanometer range, into the 
metallic matrix material of titanium or a titanium based alloy, 
for increasing the strength of an MMC semifinished product with 
respect to torsional loading or transverse loading. With such 
semifinished products of composite material, it is possible to 
produce components, even for gas turbines, with a sufficient 
strength with respect to this group or collective of loading. 
A preferred utilization is the production of shafts for aircraft 
engines from the inventive semifinished product. 

The method according to the invention is defined in the 
independent patent claim 6. 

Preferred further developments of the invention arise from the 
dependent claims and the following description. An example 
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embodiment of the invention is described in further detail , 
without being limited to this, in connection with the drawing. 
Therein, it is shown by: 



Fig. 1 



a schematic cross-section through a semifinished 
product according to the invention; 



Fig. 2 



an enlarged detail of the semifinished product in the 
area of the carrier material; and 



Fig. 3 



a coated fiber for the production of the semifinished 



product according to the invention. 



Fig. 1 shows a schematic cut-out portion of an inventive 
semifinished product 10, whereby the semifinished product 10 is 
formed of a metallic matrix material 11 and tensile-strong or 
high tensile strength fibers 12 embedded in the matrix material 
11. As can be seen from Fig. 1, the fibers 12 are positioned 
with a high geometric degree of order within the matrix 
material 11. 

The metallic matrix material 11 involves titanium or a titanium 
based alloy. Silicon carbide fibers (SiC fibers) preferably are 
utilized as the high tensile strength fibers. However, other 
fibers can be used as reinforcement fibers, whereby the 
reinforcement fibers essentially comprise the elements silicon, 
carbon, boron, oxygen, aluminum and/or nitrogen. 
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In the sense of the present invention, in order to elevate or 
increase the strength of the semifinished product 10 with respect 
to torsional loading or transverse loading, ceramic particles 13 
are encased or embedded in the metallic matrix material of 
titanium or the titanium based alloy. Fig. 2 shows an enlarged 
detail out of the matrix material 11 of the semifinished product 
10, whereby the dark particles involve the embedded ceramic 
particles 13 and the light particles involve the material of the 
matrix, namely titanium or a titanium based alloy. From the 
measurement scale shown in Fig. 2, it can be seen that the 
ceramic particles 13 embedded in the matrix material 11 have a 
size in the micron range to the nanometer range. The ceramic 
particles 13 are uniformly distributed in the matrix material 11. 
The ceramic particles 13 are preferably formed of titanium 
nitride . 

Thus, the inventive semifinished product 10 is formed of a 
metallic matrix material of titanium or a titanium based alloy, 
whereby on the one hand silicon carbide fibers are embedded in 
the matrix material of titanium or the titanium based alloy, and 
whereby on the other hand ceramic particles 13 of titanium 
nitrite are embedded in the matrix material 11. With the 
assistance of the embedded ceramic particles, an increase of the 
strength of the inventive semifinished product 10 with respect 
to torsional loading or transverse loading can be realized. The 
finely disbursed distribution of the nanometer sized or micron 
sized ceramic particles 13 in the matrix material 11 namely leads 
to a blocking of the shear bands arising in the metallic matrix 
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under torsional loading or transverse loading, which results in 
an increase of the strength of the semifinished product 10. 
Furthermore, a crack propagation in the matrix material 11 is 
made more difficult, and thereby an operating service life 
increase is made possible. The inventive semifinished product 
10 thereby has overall improved strength characteristics relative 
to semifinished products known out of the prior art. 

For the production of the inventive semifinished product, one 
proceeds as described in the following: 

In a first step, the high tensile strength fibers that are to be 
coated, namely preferably silicon carbide fibers, are prepared. 
Thereafter, the prepared silicon carbide fibers are coated with 
the matrix material, i.e. with titanium or a titanium based 
alloy. The coating of the silicon carbide fibers with titanium 
or a titanium based alloy proceeds in the sense of the present 
invention preferably through the use of a PVD (Physical Vapor 
Deposition) process. Especially the so-called sputtering 
process, which is also referred to as cathode sputtering, 
evaporation or atomization, is especially used as the PVD method. 
In sputtering, a target of the coating material, here of the 
matrix material, is mechanically sputtered or atomized, and the 
thus sputtered or atomized matrix material is deposited on the 
silicon carbide fiber that is to be coated. Details of such PVD 
methods are well known to the skilled worker in the art addressed 
here . 
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In the sense of the present invention, the silicon carbide fibers 
are not only coated with the matrix material of titanium or the 
titanium based alloy, but rather, during the coating of the high 
tensile strength fibers with titanium or with the titanium based 
alloy, ceramic particles are embedded in the coating of the 
fibers. For this, the PVD coating is carried out under a 
reactive atmosphere. The PVD coating of the silicon carbide 
fibers with titanium or the titanium based alloy especially 
proceeds under a nitrogen atmosphere. As a result of that, the 
atomic introduction or inclusion of nitrogen atoms into the 
metallic coating of the fibers takes place simultaneously or at 
the same time as the deposition of the titanium or the titanium 
based alloy on the silicon carbide fibers. 

The ceramic particles are now either deposited in-situ during the 
PVD coating through a reaction of the nitrogen atoms with the 
metallic alloy components in the gas phase, or are deposited 
subsequent to the PVD coating through a following 
thermomechanical treatment. In the deposition, the nitrogen 
atoms react with the titanium or the titanium based alloy to form 
ceramic titanium nitride, which finally produces the embedded 
ceramic particles. 

The high cooling rates that arise during the PVD coating process 
allow an adjustment of the particle sizes for the embedded 
ceramic particles in the micron range to the nanometer range. 
The same holds true when the deposition of the ceramic particles 
proceeds through a following thermomechanical treatment. 
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Accordingly, after the above coating of the fibers, the result 
is silicon carbide fibers coated with titanium or a titanium 
based alloy, whereby the ceramic particles are encased or 
embedded in the coating of the fibers. Fig. 3 shows a fiber 14 
coated in that manner with titanium or a titanium based alloy, 
whereby the actual fiber is identified with the reference number 
12, the coating of the fiber 12 with titanium or the titanium 
based alloy is identified with the reference number 11, and the 
ceramic particles encased or embedded in the titanium or the 
titanium based alloy are identified with the reference number 13. 

For the production of the inventive semifinished product 10, a 
plurality of fibers 14 coated in that manner are arranged in the 
desired geometry, and are compressed or consolidated under the 
influence of pressure at high temperatures to form the actual 
semifinished product, as is typical in the production of 
semifinished products from MMC composite material. 

The core concept of the present invention, as already explained 
above, thus relates to the encasing or embedding of ceramic 
particles 13 in the matrix material of titanium or a titanium 
based alloy. Thereby, improved strength characteristics of the 
composite material or of semifinished products of composite 
material, especially with respect to transverse loads or 
torsional loads, can be achieved. 
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